Mirabilis jalapa (chandrakantha) leaves were used as a biosorbent for the removal of toxic metals ions cadmium (II), chromium (VI) and lead (II) from water. The physiochemical properties of the developed biosorbent were studied using FTIR. The efficiency of this developed biosorbent was tested using batch experiments under controlled conditions such as a function of pH, contact time, initial metal concentration and the optimization amount of biosorbent. The residual metallic ion concentrations of cadmium (II), chromium (VI) and lead (II) were determined using AAS. The biosorption capacity of Mirabilis jalapa was found to be pH dependant and the percentage removal of cadmium (II), chromium (VI) and lead (II) was increased with increasing adsorbate solution pH and a maximum value was reached at an equilibrium pH = 6 for cadmium (II), pH = 5.5 for chromium (VI) and pH 4.5 for lead (II) respectively. The equilibrium time required for the saturation loading of cadmium (II), chromium (VI) and lead (II) in the biosorbent was found to be about 120 min. The obtained equilibrium biosorption data was fitted to the linear forms of Freundlich isotherms. The results proved the efficiency of Mirabilis jalapa leaves powder as biosorbent for the removal of metal ions and it can be used for the development of an efficient, clean and novel technology for waste water treatment.
forms of life. They will enter the food chain through the discharge of waste from industries, mining and anthropogenic activities [1] . The presence of toxic heavy metals in the environment is of major concern because of their high toxicity, bio-accumulating tendency, which threatens human life and the environment [2] . Cadmium (II) has been recognized as one of the most toxic environmental and industrial contaminant due to its ability to induce severe alterations in various organs and tissues following either acute or chronic exposure [3] [4] . The symptoms of cadmium poisoning are instantaneous hypertension, shortening of life-span; kidney damage, bronchitis, retardation of growth, gross abnormalities of the vital organs and the risk of prostatic cancer [5] . The most serious situation being the disease called "Itai-Itai" which causes gradual weakening of the bone structure, diminution of stature and ultimately the total collapse of the entire skeletal system [6] . Chromium has long been used in electroplating, leather tanning, metal finishing and chromate manufacturing industries. Effluents from these industries contain both trivalent chromium (III), and hexavalent chromium (VI), with concentrations ranging from tens to hundreds of mg/L [7] . Hexavalent chromium occurs as highly soluble and toxic chromate anions ( 4 
HCrO
− or 2 2 7 Cr O − ), which are suspected to be carcinogens and mutagens [8] . Lead is one of the major heavy metal and often found in industrial wastewater and its discharge into the environment poses serious threat due to its toxicity to aquatic and terrestrial lives [9] [10] . Enhanced industrialization such as manufacturing of storage batteries, television tube, printing, paints, pigments, photographic materials, gasoline additives, matches and explosives brings about lead bearing wastewater [11] [12] [13] [14] . Other problems associated with toxic levels of lead exposure are encephalopathy, seizures and mental retardation, anaemia and nephropathy [15] . Various traditional methods of removing heavy metals from wastewaters have been reported including the use of precipitation and coagulation, chemical oxidation, sedimentation, filtration, osmosis, ion exchange etc. [16] . Biosorption may offer an attractive alternative for the remediation of heavy metals in contaminated water samples, and is a process where biological materials are used to remove (adsorb/absorb) contaminants from waste streams. Biosorption has been used as an alternative technology for removing toxic heavy metals from waste effluents [17] .
In addition to scientific preference, economic considerations also play crucial role in the selection of appropriate biomass for pollution abatement. Thus, intense research attention is now focused on cost effective, ecofriendly and easily available adsorbent particularly of biological origin [18] . Natural materials that are available in large quantities, or certain waste products from industrial or agricultural operations, may have potential as inexpensive sorbents. However, the performance of a biosorbent depends on the characteristic properties of the biomass as well as the microenvironment of the target toxicant. The search for an appropriate and inexpensive biomass is a continuing process. The most effective and optimized utilization of a biomass demanded a detailed understanding of the binding mechanism. In the present study, removal of heavy metals cadmium, chromium and lead from water has been taken up by batch adsorption techniques using Mirabilis jalapa leaves powder as the adsorbent material.
Experimental

Apparatus
Measurements were performed with a model 6300 Flame atomic absorption spectrometer, Shimadzu (Japan), with flame of air-acetylene and the instrument settings were according to the manufacturer's recommendations. A LI-120 digital pH meter (Elico, India) was used for the pH measurement, weighing of the reagents and chemicals were carried with Shimadzu AUX 320 digital electronic balance. IR spectrometer (Thermo-Nicolet FT-IR, Nicolet IR-200, USA) was used for functional group analysis of the biomass.
Reagents and Standards
Standards of cadmium (II), chromium (VI) and lead (II) solutions (1000 µg/ml), were prepared by weighing 1.7911 g of CdCl 2 (Merck), 2.8288 g of K 2 Cr 2 O 7 (Merck) and 1.60 g of Pb(NO 3 ) 2 (Merck) dissolving in double distilled water to give a volume of 1000 ml.
Preparation of Bio-Sorbent Material
Leaves of Mirabilis jalapa were collected and washed several times and dried in shadow. Dried leaves were grinded and sieved to 50 µ cm size mesh. Sieved leaves powder was washed with deionised double distilled wa-ter and then dried. To avoid the release of colour from the leaves powder in to the aqueous solution during adsorption, it was treated with formaldehyde. To this solution, 5 mL of aqueous formaldehyde was added to 100 mL 0.1 M H 2 SO 4 and then 10 g of washed leaves powder was added. The final mixture was stirred and heated at 50˚C for 24 -48 hours till the mixture became thick slurry. The slurry was washed with deionised distilled water and then dried. The prepared biomass was then stored in air tight glass bottles to protect from the moisture. The prepared biosorbent was used for further studies [19] .
Fourier Transformed Infrared Spectroscopic (FTIR) Analysis of Biosorbent
FTIR spectra of powdered Mirabilis jalapa biomass adsorption was recorded on IR spectrophotometer (ThermoNicolet FT-IR, Nicolet IR-200, USA). Pressed pellets were prepared by grinding the samples with KBr in a mortar and immediately analyzed in the region of 4000 -400 cm −1 .
Batch Adsorption Studies
The affinity of biomass to adsorb heavy metals like cadmium (II), chromium (VI) & lead (II) were studied in batch experiments. In all sets of experiments, fixed volume of metal solution in 50 mL was stirred with desired biosorbent dose (50 -125 mg) for the period of two hours. Different conditions of pH (3 -8) , initial concentrations (1 -6 µg/mL) and contact time (30 -150 minutes) were evaluated during the study. In order to regulate pH of the medium, 0.1 N of HCl and NaOH were used. The solutions were separated from the biomass by filtration through whatmann 40 filter paper. The initial and final concentrations of the metal ions in the solution were measured using Flame Atomic Absorption Spectroscopy.
The amount of metal ion adsorbed in mg•g −1 at time was computed by using the following equation.
where Q e is the metal ion concentration adsorbed (mg metal ion concentration/g biosorbent) at equilibrium, V is the volume of the solution (L), C i and C e are the initial and equilibrium concentrations of metal ion (mg/L) and m is the dry weight of the biosorbent (g).
The percentage of the removal of metal ion concentration (R em %) in solution was calculated using equation:
where C i and C e are the initial and equilibrium concentration of metal ion (mg/L).
Adsorption Isotherm Models
An adsorption is a quantitative relationship describing the equilibrium between the concentrations of absorbate in solution (mass/volume) and its concentration (mass adsorbate/mass adsorbent). An adsorption isotherm relates the concentration of solute on the surface of the adsorbent to the concentration of the solute in the fluid with the adsorbent in contact. These values are usually determined experimentally. In order to describe the equilibrium isotherm of biosorption process, Langmuir and Freundlich isotherm models are discussed in the present study.
Langmuir Isotherm Model
The Langmuir isotherm model is based on the following assumptions:
• Each active site interacts with only one adsorbate molecule, • Sorbate molecules are adsorbed on well localized sites, • There is no interaction between adjacent adsorbed molecules and • The adsorption sites are all energetically equivalent.
Langmuir isotherm is given by the following equation:
where Q e is the equilibrium metal ion concentration on the adsorbent (mg/g), C e is the equilibrium metal ion concentration in the solution (mg/g), Q max is the maximum biosorption capacity of adsorbent (mg/g) and K L is the Langmuir biosorption constant (L/mg). The Equation (4) can be represented by the following linear form;
e e e L max max
The values of Langmuir constant Q max and K L were calculated from the slope and intercept of the linear plot C e /Q e versus C e . The essential features of Langmuir isotherm model can be expressed by means of a separation factor of equilibrium parameter (R L ), which is calculated according to the following equation;
The values of R L indicate the type of biosorption isotherm to be:
Freundlich Isotherm Model
The Freundlich isotherm model is derived from Gibbs adsorption combined with a mathematical description of the free energy of the surface. Freundlich proposed an empirical isotherm equation assuming a heterogeneous adsorption surface and active sites with different energy. The Freundlich equation is as follows:
The Freundlich isotherm can be derived from Langmuir isotherm by assuming that there exists a distribution of sites on the adsorbent that have different affinities for different adsorbents with each site behaving according to Langmuir isotherm. Here, K f is a measure of the capacity of the adsorbent and n is a measure of how affinity for the adsorbate changes with changes in adsorption density.
When n = 1, the Freundlich isotherm becomes linear isotherm and indicates that all sites on the adsorbent have equal affinity for the adsorbates. Values of n > 1 indicate the affinities decreases with increasing adsorption density. The linear form of Freundlich isotherm equation can be as; e f e 1 logQ logK log C n = +
The Freundlich isotherm constants 1/n and K f are calculated from the slopes and intercepts of the linear plot of logQ e versus logC e .
Application to Real Water Samples
The developed procedure was used for the removal and determination of cadmium (II), chromium (VI) and lead (II) in the real water samples and industrial effluents. Water samples were collected in and around agricultural sites of Tirupati. To the volume of 50 mL of real samples (ground water/tap water), known amount of metal ions concentration were spiked, then the spiked samples were stirred with biosorbent by maintaining the pH at 6, 5.5 & 4.5 for cadmium (II), chromium (VI) and lead (II). Metal ions were determined by flame atomic absorption spectroscopy after completion of batch adsorption studies.
Results and Discussion
Results demonstrate the important role of selected biosorbent Mirabilis jalapa for the removal of metal ions cadmium (II), chromium (VI) and lead (II) from aqueous samples. The factors like pH, dosage of biosorbent, initial concentration of metal ion, time of stirring etc., were optimized by varying with different dosages.
Fourier Transformed Infrared Spectroscopic (FTIR) Analysis
FTIR spectra of powdered biosorbent Mirabilis jalapa shown in Figure 1 . According to Figure 1 , As shown in the Figure 1 various bands observed between wave numbers 4000 -400 cm −1 shows that the spectrum of the bisorbent shows many peaks which indicates the presence of many functional groups. The peak at 3269 cm −1 is due the stretching of hydroxyl groups and this may be due to acid or alcohol structures, The peak at 2920.28 cm −1 is due to the stretching of C=O bonds, The peak at 1607.16 cm −1 is due to the presence of presence of vinyl stretch C-H, C-N stretching vibrations
Effect of pH
pH is an important parameter that influences the adsorption process by the way of modifying the functional groups of biomass. The effect of pH on adsorption of metal ions was conducted in the pH range of 3.0 -8.0. Adsorption of cadmium (II), chromium (VI) & lead (II) by Mirabilis jalapa was found to be maximum at pH 6 for cadmium (II), pH 5.5 for chromium (VI) & pH 4.5 for lead (II). The pH study values are shown in Table 1 . The maximum removal of metal ions found to be 88%, 85% & 89% for metal ions cadmium, chromium and lead. The pH studies were shown in the 
Table 1. pH studies for the biosorbent Mirabilis jalapa for the removal of metal ions cadmium (II), chromium (VI) & lead (II).
Mirabilis jalapa
Cd (II)
Cr ( 
Effect of Contact Time
The equilibrium time required for the biosorption of metal ions for Mirabilis jalapa with 3 µg/mL of metal concentrations of cadmium (II), chromium (VI) and lead (II) at different time intervals were studied. Figure 3 shows that adsorption capacity sharply increased with increase in time and attain equilibrium in 120 minutes. The removal rate of metal ions increases with the increase of the adsorption time. However, it remains constant after an equilibrium time of 120 minutes, which indicates that the adsorption tends towards saturation. Therefore, the adsorption time was set as 120 minutes in each experiment. The rate of adsorption was higher in the beginning due to large available surface area of the biosorbent. After the capacity of the adsorbent gets exhausted, i.e. at equilibrium, the rate of uptake was controlled by the rate at which the absorbate was transported from the exterior to the interior sites of the biosorbent particles [20] . The effect of time for the extraction of metal ions by biosorbent Mirabilis jalapa was shown in Table 2 .
Effect of Biomass Dosage
The effect of biosorbent dosage for the extraction of cadmium (II), chromium (VI) and lead (II) is shown in Figure 4 . The amount of biosorbent was varied from 25 mg -125 mg and equilibrated for 120 minutes with the concentration of 3 µg/mL. The results indicated that the removal percentage of metal ions increased with the increased amount of adsorbent and removal efficiency of Mirabilis jalapa was 88 per cent for cadmium (II), 85 per cent for chromium (VI) and 89 per cent for lead (II) respectively. The highest uptake yield was obtained at biosorbent concentration of 100 mg for the biosorbent. The removal of metal ions concentration was increased with the increased biosorbent concentration and attained equilibrium after 100 mg of adsorbent dosage for cadmium (II), chromium (VI) and lead (II). This is due to availability of more biosorbent as well as greater availability of surface area [21] . The effect of biosorbant dose for the extraction of metal ions by biosorbent (Mirabilis jalapa) was shown in Table 3 .
Adsorption Isotherms
The equilibrium of biosorption of metal ions was modelled using adsorption-type isotherms. The Langmuir and Freundlich isotherm models were used to describe the biosorption equilibrium of biomass. It is also helpful in comparing different biomaterials under different operating conditions. To find out the relationship between aqueous concentration (C e ) and sorbed quantity (Q e ) at equilibrium, mostly isotherms models are used for fitting the data. The C e and Q e values for the biosorbent during the study of cadmium (II), chromium (VI) and lead (II) extraction was shown in the Table 4 . Langmuir parameters can be determined from a linearized form of equation given below. The adsorption data obtained for metal ions adsorption, Mirabilis jalapa leaves powder used as biosorbent. The values of the Langmuir constants (K L , Q max ) and Freundlich constants (K, n) are presented for the biosorption of cadmium (II), chromium (VI) and lead (II) was shown in Table 5 . It shows that the R 2 value for Freundlich isotherm was high than Langmuir isotherms. Figure 5 shows that Langmuir isotherm model of metal ions adsorption by Mirabilis jalapa leaves powder was found with R 2 of 0.275 for cadmium (II), 0.626 for chromium (VI) and 0.157 for lead (II). Figure 4 & Figure 6 shows that Freundlich isotherm model of adsorption by Mirabilis jalapa leaves powder was found with R 2 of 0.999 for cadmium (II), 0.997 for chromium (VI) and 0.995 for lead (II).
The Langmuir constants (Q max ) defined as the amount of adsorbate per unit weight of adsorbent to form a complete multi molecular layers on a sorbate surface was found to be 38.461 for cadmium (II), 23.255 for chromium (VI) and 38.461 for lead (II) by using biosorbent Mirabilis jalapa while K L values which reflects quantitatively the affinity between the adsorbent and adsorbate were found to be 0.077 for cadmium (II), 0.145 for chromium (VI) and 0.100 for lead (II) Lower value corresponds to more affinity of metal ions to biomass. 
Langimur isotherms for metal ions Mirabilis jalapa
In the present work Freundlich isotherm fits the data it may be due to heterogeneous distribution of active sites and the supply of these adsorption sites were infinite on studied adsorbent surface. The fitting of the Freundlich isotherm to the experimental data for the developed adsorbent can be explained by the fact that this model can only be applied in the low to intermediate concentration range. The Langmuir isotherm failed to apply in this instance could indicate that the adsorption of cadmium (II), chromium (VI) & lead (II) metal ions does not assume monolayer mechanism. Thus, the present adsorption process involves coverage of multi molecular layers, as the most actively energetic sites are occupied first and thereafter the surface was occupied until the lowest energy sites were filled at the final stage of the adsorption process. In addition, physical adsorption may also be responsible for the interaction between adsorbent and metal ions because adsorbent had a large surface area.
The Freundlich model is expressed as: • The selected herbal leaves powder Mirabilis jalapa is a suitable material for the removal of metal ions cadmium (II), chromium (VI) & lead (II).
• Effect of pH, biomass dose and contact time highly affects the overall cadmium (II), chromium (VI) & lead (II) uptake of biosorbent.
• The sorption was pH dependent and the percentage removal of cadmium (II), chromium (VI) and lead (II) was increased with increasing adsorbate solution pH. Maximum removal found to be at pH 6.0 for cadmium (II), 5.5 for chromium (VI) and 4.5 for lead (II).
• The optimum time was observed to be 2 hours with optimum dosage 100 mg.
• Present results show that Freundlich isotherm models fit for the adsorption equilibrium data in the examined concentration range of (1 -6 µg/mL).
• The selected Mirabilis jalapa leaves powder was an effective, novel and eco-friendly biosorbent for the removal of cadmium (II), chromium (VI) & lead (II).
